(19) 



(12) 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



(11) EP 1 420 874 B1 
EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
19.01.2011 Bulletin 2011/03 

(21) Application nunnber: 02753913.9 

(22) Date of filing: 08.08.2002 



(51) Intel.: 

B01D 65/02^^°°^-°^> 

(86) International application nunnber: 
PCT/AU2002/001 065 

(87) International publication nunnber: 

WO 2003/013706 (20.02.2003 Gazette 2003/08) 



(54) METHOD OF CLEANING MEMBRANE MODULES 

VERFAHREN ZUR REINIGUNG VON MEMBRANMODULEN 
PROCEDE DE NETTOYAGE DE MODULES MEMBRANAIRES 



(84) Designated Contracting States: 
BE DE ES FR GB NL 

(30) Priority: 09.08.2001 AU PR692401 

(43) Date of publication of application: 
26.05.2004 Bulletin 2004/22 

(73) Proprietor: Siemens Water Technologies Corp. 
Warrendale, PA 15086 (US) 

(72) Inventors: 

• ZHA, Fufang 

West Ryde New South Wales 2114 (AU) 

• STUBBS, Anthony, James 
Ryde, NSW 2112(AU) 

(74) Representative: French, Clive Harry et a! 
Siemens AG 

P.O. Box 2216 34 
80506 Miinchen (DE) 



CD 

00 

O 
CM 



LU 



(56) References cited: 
WO-A-00/18498 
WO-A-01/36075 
WO-A-97/06880 
WO-A-98^8066 



WO-A-00/30742 
WO-A-96/07470 
WO-A-98/22204 
W0-A1 -03/024575 



DATABASE WPI Week 200164, Derwent 
Publications Ltd., London, GB; Class D15, AN 
2001-568380, XP002990490 & JP 2001 205055 A 
(DAICEL CHEM IND LTD) 31 July 2001 
DATABASE WPI Week 198511, Derwent 
Publications Ltd., London, GB; Class J01, AN 
1985-064514, XP002990491 & JP 60 019 002 A 
(NIPPON GENSHIRYOKU JIGYO) 31 January 
1985 

DATABASE WPI Week 199548, Derwent 
Publications Ltd., London, GB; Class J01, AN 
1995-370600, XP002990492 & JP 7 251 043 A 
(TOTO LTD) 03 October 1995 



Note: Within nine nnonths of the publication of the mention of the grant of the European patent in the European Patent 
Bulletin, any person nnay give notice to the European Patent Office of opposition to that patent, in accordance with the 
Innplementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been 
paid. (Art. 99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 420 874 B1 



2 



Description 

[0001] The present invention relates to a method of 
cleaning a membrane filtration module according to the 
preamble of claim 1 . The present Invention especially 
relates to a method for improving the filtration efficiency 
of a filtration system by providing an improved cleaning 
system for the membranes. 

[0002] A method of cleaning the membrane filtration 
module Is described in WO 00/30742. This document 
describes a process of water filtration including cleaning 
operations on the membrane wall to dislodge contain- 
ment therefrom. The cleaning operations include air 
scouring provided by blowing air (or other suitable gases) 
through air distribution pipes to an aerator arranged be- 
lowthe membrane module. The aerator disperses scour- 
ing bubbles which rise through the membrane module 
and discourage solids from depositing on the mem- 
branes. 

[0003] The cleaning process further includes back- 
washing by means of filtered permeate pushed back in 
a reverse direction through the walls of the membranes. 
Moreover, a chemical cleaning is performed. 
[0004] The cleaning operations are performed typically 
during a filtration process while the filtration process Is 
only stopped momentarily, and the filtering process is 
considered to be continuous. Thus, the dislodged con- 
tainment matter is removed during the usual filtration 
process. 

[0005] WO 96/07470 discloses a method of cleaning 
a membrane filtration module comprising suspending the 
filtration operation, performing a cleaning operation on 
the membrane wall to dislodge contaminant matterthere- 
from Into liquid surrounding the membrane by applying 
a source of fluid to the permeate side of the membranes, 
at the same time, or just after opening the vessel to at- 
mosphere, to cause explosive decompression through 
the walls of the membranes whereby the fluid underpres- 
sure passes through said walls. 

[0006] Maruyama et al in Japanese Patent No. 
JP2031200 discloses a hollow fibre membrane back- 
washing method. The method involves the following se- 
quence: stop filtration, air-scour membrane, fill the mem- 
brane vessel, backwash with permeate under pressu- 
rized air and drain waste. This procedure is repeated to 
achieve a higher efficiency. Sunaoka et al in a United 
States Patent No. 5,209,852 describes a process for 
scrubbing hollowflbre membranes In modules. This proc- 
ess is composed of a two-stage air scrubbing and drain- 
ing to clean the membranes. 

[0007] A lot of effort has been made to more effectively 
lift solids accumulated on the membrane surface and in 
the pores by optimising the backwash pressure and en- 
hancing the air scrubbing efficiency. Another important 
step to achieve an efficient cleaning, which has been 
largely ignored, is the removal of solids that have been 
exfoliated off the membrane, from the membrane mod- 
ules. The typical methods presently used are by draining 



down of the waste or by feed-and-bleed. Feed and bleed 
Involves continual bleeding of waste containing feed out 
of the filtration system. The outcome is the accumulation 
of solids within the modules, particularly towards the two 
5 ends of a module and the effect becomes more serious 
If the membranes are densely packed In a module. 

DISCLOSURE OF THE INVENTION 

10 [0008] It is an object of the present invention to over- 
come or at least ameliorate one or more of the disadvan- 
tages of the prior art outlined above or at least provided 
a useful alternative. 

[0009] Accordingly, the present invention provides in 
15 a first aspect a method of cleaning a membrane filtration 
module including the features of claim 1 . 
[0010] A second aspect of the invention is recited in 
independent claim 4. 

[001 1 ] The contaminant matter may include solids, sol- 
20 ubie species or other material removed from the feed 
during the filtration process. 

BRIEF DESCRIPTION OF DRAWINGS 

25 [0012] Preferred embodiments and examples of the 

invention will now be described, by way of example only, 
with reference to the accompanying drawings in which: 

Figure 1 shows a schematic representation of the 
30 membrane module assembly according to one em- 
bodiment of the invention; 

Figures 2a to 2d show schematic representations of 
the membrane module of Figure 1 during the mem- 
brane cleaning sequence according to the Invention; 
35 Figure 3 shows a graph of transmembrane pressure 
(TMP) versus time for the module of Figure 1 illus- 
trating cleaning efficiencies of various backwash re- 
gimes; 

Figure 4 shows a graph of transmembrane pressure 
40 (TMP) versus time for the module of Figure 1 Illus- 
trating the effect of the high velocity sweep on mem- 
brane cleaning; 

Figure 5 shows a schematic representation of a 
membrane module according to a further embodi- 
es ment of the present invention; and 

Figure 6 shows a graph of transmembrane pressure 
(TMP) versus time for the module of Figure 5 illus- 
trating the effect of the gas Injection on scrubbing 
efficiency. 

50 

DESCRIPTION OF PREFERRED EMBODIMENTS 
AND EXAMPLES 

[0013] In the preferred embodiments, the membrane 
55 cleaning regime may include a combination, in part or in 
whole, depending on the feed water quality, of one or 
more backwash methods. 

[0014] A backwash or blowout, or a combination of 
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both, may be used to dislodge the solids blocking the 
membrane pores. 

[0015] The backwash is normally achieved by forcing 
the permeate in a reverse direction to filtration through 
the membrane pores. The backwash flow rate is usually 
in a range of 50 - 500% of the filtration flow, more com- 
monly in a range of 1 00 - 300% of the filtration flow. 
[0016] Blowout is another method of removing solids 
from the membrane pores by creating a rapid and explo- 
sive decompression within the filtration vessel. In this 
method, the two sides (feed side and permeate side) of 
a membrane are firstly pressurized to a specific value. 
Then the discharge valve on the feed side is opened to 
generate an instantaneous negative transmembrane 
pressure (TMP). The solids in membrane pores are then 
blown out by the instantaneous negative TMP. As de- 
scribed below, in one embodiment, the blowout can also 
be integrated into a high velocity sweep step. 
[0017] Another method of removing solids build-up 
from the membrane walls uses gas scouring to exfoliate 
the membrane surface. This method uses gas bubbles 
moving past the membrane surface to achieve an effi- 
cient scrubbing. Gas scouring is widely used in the mem- 
brane filtration processes where suction is applied to the 
permeate side of the membrane wall to induce filtration. 
For the pressurized membrane filtration systems, gas 
scrubbing is achieved by injecting gas, usually air, into 
the bottom end of the membrane module while the per- 
meate is withdrawn from the upper end, as described in 
Japanese Patent No. JP2031 200 and United States Pat- 
ent No. 5,209,852. 

[0018] After the backwash step, the solids removed 
from the membranes are normally removed from mod- 
ules by draindown of the waste. The velocity during a 
normal draindown is limited by the gravity force on the 
liquid within the vessel. The shear force thus generated 
is weak and may not be high enough to flush accumulated 
solids out of the modules and/orstrip solids off the surface 
ofthe membrane. The situation is more manifest in hollow 
fibre membrane modules having a high fibre packing den- 
sity. 

[0019] Referring to Figures 1 and 2, a preferred em- 
bodiment of one form of module cleaning will be de- 
scribed. 

[0020] Figure 1 illustrates a membrane module assem- 
bly 5. A hollow fibre membrane module 6 is located in a 
vessel 7. The module 6, in this example, contains a plu- 
rality of porous hollow fibre membranes 8, the ends the 
fibres opening into respective upper and lower permeate 
collection headers 9 and 1 0. Filtration takes place by ap- 
plying feed to the outer wall of the fibres and withdrawing 
permeate through the fibre lumens. Filtrate/permeate is 
removed from both ends of the module 6 through ports 
1 1 and 12 connected to headers 9 and 10 respectively. 
Feed inlet ports 13 and 14 and waste discharge ports 15 
and 1 6 are provided at the upper and lower ends of the 
vessel 7, respectively. 

[0021] Valves AVI and AV2 control the flow of feed to 



ports 13 and 14 while valves AV8 and AV5 control the 
flow of scouring gas. The flow of filtrate or penneate from 
the headers 9 and 10 is controlled by valves AV3 and 
AV4 while backwash flow to these headers is controlled 

5 by valves AV7 and AV4. Valves AV5 and AV6 control 
waste discharge from ports 15 and 16. 
[0022] The steps of the process will now be described 
with reference to Figures 2a to 2d. 
[0023] Step 1 . Filtration. During a typical dead-end fil- 

^0 tration process, valves AVI -4 are open. The raw feed 
water is fed via valves AV1 and AV2 entering the upper 
and lower inlet ports 13 and 14 while the permeate is 
withdrawn from the top and bottom ports 11 and 12 of 
the module 6 (as best shown in Figure 2(a)). 

15 [0024] Step 2. Air scouring. At the end of the filtration 
step, valves AVI - 4 are closed, and then the upper dis- 
charge valve AV5 and the gas inlet valve AV8 are open. 
Gas (usually air) is then introduced into the module 6 
through valve AVB and the lower port 14 to scour the 

20 membrane as illustrated in Figure 2(b). 

[0025] Step 3. Pressurization via backwash. When the 
gas scouring stops, valves AV5 and AVB are closed. The 
vessel 7 is left partly filled with gas and water. A permeate 
backwash is initiated by opening valves AV4 and AV7. 

25 The pressure in the vessel 7 gradually increases during 
the backwash to pressurize the remaining gas within the 
vessel 7 (see Figure 2 (c)) and finally the pressure on 
both sides of the membrane walls equalizes. A pressu- 
rized gas pocket is thus formed within the vessel 7. 

30 [0026] Another way to create such a gas pocket is to 
drain down or partly drain down the liquid waste at the 
end of the filtration Step 1 or after the gas scouring in 
Step 2. In this case it takes longer time to pressurize the 
gas, and consumes more permeate, but will achieve a 

35 higher average sweep velocity. The sweep velocity is 
desirably greater than 0.03m/sec and preferably in the 
range 0.3 m/sec to 2.0 m/sec. 

[0027] Step 4. Blowout and high velocity sweep down 
(Figure 2 (d)). When the pressure on the pemneate side 

40 approaches that on the feed side of the membrane wall, 
which is also the maximum discharge pressure of the 
backwash pump, valve AV6 is opened. An instantaneous 
negative TMP is generated across the membrane wall, 
which achieves a second backwash of the membrane 

45 pores. Simultaneously, the high-pressure gas pocket 
formed on the feed side rapidly expands and sweeps 
down the solids out of the membrane module at a high 
velocity through port 16. The high velocity sweep may 
also create a high shear force to assist scrubbing the 

50 membrane surface. The maximum negative TMP and 
sweep velocity that can be achieved depend on the re- 
sistance in the drain line and the pressure on the pemne- 
ate side of the membrane. At the end of the fast drain, 
the backwash pump is stopped and valves AV6 and AV7 

55 are closed. The sequence then returns to the start of 
filtration. 

[0028] The process described above generates both 
a blowout effect and a fast drain-down of the vessel 7. 
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Therefore good cleaning efficiency can be achieved. Oth- 
er means to achieve a high velocity sweep may include 
the use of the feed pump to deliver a sweep flow or em- 
ploying compressed air/gas applied tothe vessel housing 
the module or an external vessel, to achieve a high ve- 
locity sweep. An external vessel may be used where for- 
mation of a pressurized gas bubble within the feed con- 
taining vessel is difficult due to module configuration. In 
such an arrangement a gas containing region is provided 
within a further vessel coupled to said feed-containing 
vessel. Thefeed-containing vessel and thefurthervessel 
are sealed as a whole following said cleaning step and 
pressure applied to gas within the gas containing region 
to pressurize said gas, the pressure is then released by 
opening the feed-containing vessel to atmosphere so as 
to cause the pressurized gas to expand and produce said 
high velocity sweep of the feed-containing vessel. An ex- 
ternal vessel may also be selectively coupled by a valve 
to the feed-containing vessel and contain pressurized 
gas and/or liquid which is released by opening the valve 
into the feed containing vessel to produce the high ve- 
locity sweep. 

[0029] A further method of achieving a highly efficient 
sweep is to change the sweep direction (upwards and 
downwards sweep) from time to time. The times of the 
sweep in one direction and the frequency of change of 
the sweep direction depend on the module configuration, 
feed water quality and the operating conditions of the 
filtration system. 

[0030] Itwill be appreciatedthatthe method of cleaning 
membranes described above can also be applied to the 
inside-out filtration process, filtration by suction and other 
types of membranes, including flat sheet, tubular, spiral 
wound as well as other configurations. 
[0031 ] A number of tests were conducted using differ- 
ent cleaning regimes. These tests are described below. 

Example 1 : Short term tests 

[0032] A hollow fibre membrane module with a surface 
area of 33 m^ (based on OD) was installed in a process 
illustrated in Figure 1. Filtration was conducted by pres- 
surizing the shell side of the module for 1 0 minutes and 
at a flux of 52 Um^/hr. The feed water quality was poor 
with a turbidity of 35 NTU. At the end of filtration a mem- 
brane cleaning procedure was started. The following 
cleaning strategies were conducted and the cleaning ef- 
ficiency is compared in Figure 3. 
[0033] Strategy 1: Permeate backwash only. The 
cleaning protocol involved the permeate backwash only 
at a flow rate of 3.2 m^/hr and a duration of 15 seconds. 
Solids were removed by pumping the feed water at a flow 
rate of 3.5 m^/hrfrom the lower inlet port and sweeping 
out of the module through valve AV5 for 38 seconds. The 
TMP kept rising after each backwash, indicating poor 
backwash efficiency. 

[0034] Strategy 2: Air scouring and permeate back- 
wash. The cleaning strategy included a pre-aeration for 



15 seconds at an air flow rate of 8 m^/hr and then the 
permeate backwash similar to Strategy 1 plus a contin- 
ued aeration for 15 seconds. The solids were removed 
by the normal sweep as in Strategy 1 . The TMP dropped 
5 after such cleans and a better cleaning efficiency was 
achieved. 

[0035] Strategy 3: High velocity sweep down. The se- 
quence was air scouring for 15 seconds, gravity drain 
down of waste (5 seconds), permeate backwash with the 
^0 shell side valves closed till the pressure at the permeate 
side reached 480 kPa (20 seconds), then opening the 
drain valve to achieve a blow-out and high velocity sweep 
down (1 0 seconds). Figure 3 shows that such a high ve- 
locity sweep-down further recovered TMP and removed 
15 the foulant on the membranes. The high velocity sweep 
not only removed accumulated solids from the module, 
it also provided further scouring of the membrane sur- 
faces. 

[0036] Strategy 4: Similar to Strategy 3 with a slightly 
20 different time scale: gravity drain for 1 0 seconds, back- 
wash and pressurization for30 seconds followed by high 
velocity sweep down for5seconds. Similar effectto Strat- 
egy 3 was recorded. 

[0037] The above strategies were repeated and the 
25 results illustrated effectiveness of the high velocity sweep 
down in removing accumulated solids from module. 

Example 2: Extended test on effect of high velocity (HV) 
sweep 

30 

[0038] An extended test was conducted in the same 
pilot machine and on the same site as in Example 1 . The 
strategy combining air scouring and permeate backwash 
(Strategy 2 in Example 1) was used to clean the mem- 

35 branes. Fouling of the membrane was reflected in the 
TMP rise during a constant flux operation process. The 
TMP change profile was recorded on a data logger device 
and Figure 4 illustrates the TMP profile. After three days 
(October 30 - November 2) TMP rose by 5.5 kPa. Then 

40 the control program was changed to allow one high ve- 
locity sweep (Strategy 4 in Example 1) for every eight- 
hours of operation. The TMP was quite stable during the 
next six days and only a rise of 1 kPa was recorded. On 
November 8, the special high velocity sweep was re- 

45 moved and the TMP Increased rapidly without the fast 
sweep. The extended test again illustrated the effective- 
ness of the high velocity sweep in cleaning of mem- 
branes. 

[0039] A further aspect not forming part of the claimed 
50 invention relates to an improved gas scouring method 
where permeate can be withdrawn from both ends of the 
module. According to this aspect there is provided a 
method of cleaning a membrane filtration module, said 
module including at least one elongate membrane posi- 
55 tioned In afeed-containing vessel, the membrane having 
a permeable wall which is subjected to a filtration oper- 
ation wherein feed containing contaminant matter is ap- 
plied to one side of the membrane wall and filtrate is 
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withdrawn from the other side of the membrane wall, the 
method comprising the steps of: 

a) suspending the filtration operation; 

b) dislodging contaminant matter from said mem- 
brane wall into liquid surrounding the membrane by 
flowing gas bubbles along the one side of the mem- 
brane wall, said gas bubbles being formed byfeeding 
gas into said feed-containing vessel through an 
opening therein. 

[0040] Preferably, the opening is positioned laterally 
of the membrane. 

[0041] In the prior art gas or air was introduced into 
the modules via the bottom port and the permeate tal<en 
from the top end only. The details of such a module con- 
figuration are described in United States Patent No. 
6,156,200. 

[0042] In the above examples 1 and 2, we have shown 
the introduction of gas into a module when the permeate 
is with drawn from both ends. Figure 5 illustrates the mod- 
ule configuration and the ports for alternative gas injec- 
tion. In this configuration, port 12 is connected to the gas 
source via valve AV9 and the backwash line through 
valve AV4 is removed. Permeate is withdrawn from one 
end through port 1 1 . 

[0043] There are two choices of introducing gas into 
the module 7. The first option is to introduce gas into the 
bottom pot of the module via port 12. Alternatively gas 
can be injected via shell side feed port 14. This method 
allows the application of gas scouring to the situation 
where the permeate is taken from both ends of a module. 
Figure 6 compares the TMP profile by changing the in- 
jection of gas into port 1 2 or 1 4. Underthe same operating 
conditions, injecting gas into a different port did not pro- 
duce any significant effect on the gas scrubbing efficien- 
cy. 



Claims 

1 . A method of cleaning a membrane filtration module 
(6), said module including at least one membrane 

(8) located in a feed-containing vessel (7), the mem- 
brane (8) having a permeable wall which is subjected 
to a filtration operation wherein feed containing con- 
taminant matter is applied to one side of the mem- 
brane wall and filtrate is withdrawn from the other 
side of the membrane wall, the method comprising 
the steps of: 

suspending the filtration operation; 
perfonning a cleaning process on the mem- 
brane wall to dislodge contaminant matterthere- 
from into liquid surrounding the membrane (8); 
and 

recommencing the filtration operation, 
wherein the liquid containing the dislodged con- 



taminant matter is removed by a high velocity 
sweep of the feed-containing vessel (7) by 
forming a gas containing region within said feed- 
containing vessel (7) on the feedside following 

5 said cleaning step; 

sealing the feed-containing vessel (7); 
applying pressure to gas within the gas contain- 
ing region on the feed side of the membrane to 
pressurize said gas; 

^0 releasing said pressure by opening the feed- 

containing vessel (7) to atmosphere so as to 
cause the pressurized gas to expand and pro- 
duce said high velocity sweep of the feed-con- 
taining vessel. 

15 

2. The method of claim 1 wherein said gas containing 
region is formed partially draining down feed liquid 
within said feed-containing vessel. 

20 3. The method of claim 1 or 2 wherein the step of ap- 
plying pressure to gas within the gas containing re- 
gion to pressurize said gas includes applying a fluid 
backwash to said membrane (8). 

25 4. A method of cleaning a membrane filtration module 
(6), said module including at least one membrane 
(8) located in a feed-containing vessel (7), the mem- 
brane (8) having a permeable wall which is subjected 
to a filtration operation wherein feed containing con- 
30 taminant matter is applied to one side of the mem- 
brane wall and filtrate is withdrawn from the other 
side of the membrane wall, the method comprising 
the steps of: 

35 suspending the filtration operation; 

performing a cleaning process on the mem- 
brane wall to dislodge contaminant matterthere- 
from into liquid surrounding the membrane (8); 
and 

40 recommencing the filtration operation, 

wherein the liquid containing the dislodged con- 
taminant matter is removed by a high velocity 
sweep of the feed-containing vessel (7) by 

providing agas containing region within afurther 
45 vessel coupled to said feed-containing vessel 

(7); 

sealing the feed-containing vessel (7) and the 
coupled further vessel as a whole following said 
cleaning step; 

50 applying pressure to gas within the gas contain- 

ing region to pressurize said gas; 
releasing said pressure by opening the feed- 
containing vessel to atmosphere so as to cause 
the pressurized gas to expand and produce said 
55 high velocity sweep of the feed-containing ves- 

sel. 

5. The method according to anyone of the preceding 
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claims wherein tine cleaning process includes a fluid 
backwash of the mennbrane pores. 

6. The nnethod according to claim 5 wherein the fluid 
backwash includes a liquid backwash. 

7. The method according to claim 5 or 6 wherein the 
fluid backwash includes a gas backwash. 

8. The method according to any one of the preceding 
claims wherei n the velocity of the high velocity sweep 
is greater than 0.03 m/sec. 

9. The method according to any one of the preceding 
claims wherein the velocity of the high velocity sweep 
is in the range of 0.3 m/sec to 2.0 m/sec. 

10. The method according to any one of the preceding 
claims wherein the cleaning process includes gas 
scrubbing of a surface of the membrane wall. 

1 1 . A method according to claim 1 0 when dependent on 
claim 1 wherein said gas scrubbing includes dislodg- 
ing contaminant matterfrom said membrane wall into 
liquid surroundingthe membrane by flowing gas bub- 
bles along the one side of the membrane wall, said 
gas bubbles being formed by feeding gas into said 
feed-containing vessel (7) through an opening in the 
vessel. 

12. A method according to claim 1 1 when dependent on 
claim 1 wherein the opening is positioned laterally 
of said membrane (8). 

13. A method according to claim 10 or 1 1 wherein the 
opening provides a feed inlet to said feed containing 
vessel (7) during said filtration operation. 

1 4. A method according to any one of claims 1 0 to 1 2 to 
wherein said gas is fed underpressure into said feed- 
containing vessel (7). 

15. The method of any one of the preceding claims 

wherein the high velocity sweep of the feed-contain- 
ing vessel (7) is performed periodically in different 
directions within the vessel during operation of the 
cleaning method. 

16. The method of any one of the preceding claims 
wherein the membrane (8) is a hollow fibre mem- 
brane and the filtrate is withdrawn from either or both 
ends of the hollow fibre membrane during the filtra- 
tion operation. 



Patentanspruche 

1 . Verfahren zum Reinigen eines Membranfiltermoduls 



(6) , wobei das Modul mindestens eine Membran (8), 
die sich in einem Einsatzgut enthaltenden Behalter 

(7) befindet, und die Membran (8) eine durchlassige 
Wand aufweist, die fureinen Filtriervorgang genutzt 

5 wird, bei dem Einsatzgut enthaltender Fremdstoff 
auf einer Seite der Membranwand eingespeist und 
auf der anderen Seite der Membranwand Filtrat ab- 
gezogen wird, wobei das Verfahren folgende Schrit- 
te umfasst: 

10 

Unterbrechen des Filtriervorgangs, 
Durchfuhren eines Reinigungsprozesses an der 
Membranwand, um Fremdstoff davon in eine die 
Membran (8) umgebende Flussigkeit abzulo- 

15 sen, und 

Wiederaufnehmen des Filtriervorgangs, 
wobei die den abgelosten Fremdstoff enthalten- 
de Flussigkeit mit Hilfe einer Hochdruckspulung 
des Einsatzgut enthaltenden Behalters (7) aus- 

20 getragen wird, und zwar durch: 

Bilden eines gashaltigen Bereichs auf der 
Einsatzgutseite in dem Einsatzgut enthal- 
tenden Behalter (7) nach dem Reinigen, 
25 Abdichten des Einsatzgut enthaltenden Be- 

halters (7), 

Aniegen von Druck an Gas im gashaltigen 
Bereich auf der Einsatzgutseite der Mem- 
bran, um das Gas unter Druck zu setzen, 
30 Ablassen des Drucks durch Offnen des Ein- 

satzgut enthaltenden Behalters (7) zur At- 
mosphare, damit das Gas expandieren und 
die Hochdruckspulung des Einsatzgut ent- 
haltenden Behalters bewirken kann. 

35 

2. Verfahren nach Anspruch 1 , bei dem der gashaltige 
Bereich durch teilweises Ablassen von Einsatzgut- 
flussigkeit in dem Einsatzgut enthaltenden Behalter 
ausgebildet wird. 

40 

3. Verfahren nach Anspruch 1 oder2, bei dem das An- 
iegen von Druck an Gas in dem gashaltigen Bereich 
zum Unterdrucksetzen des Gases das Anwenden 
einer Fluidruckspiilung an der Membran (8) umfasst. 

45 

4. Verfahren zum Reinigen eines Membranfiltermoduls 

(6) , wobei das Modul mindestens eine Membran (8), 
die sich in einem Einsatzgut enthaltenden Behalter 

(7) befindet, und die Membran (8) eine durchlassige 
50 Wand aufweist, die fur einen Filtriervorgang genutzt 

wird, bei dem Einsatzgut enthaltender Fremdstoff 
auf einer Seite der Membranwand eingespeist und 
auf der anderen Seite der Membranwand Filtrat ab- 
gezogen wird, wobei das Verfahren folgende Schrit- 
55 te umfasst: 

Unterbrechen des Filtriervorgangs, 
Durchfuhren eines Reinigungsprozesses an der 
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Membranwand, um Fremdstoff davon in einedie 
Membran (8) umgebende Flussigkeit abzulo- 

sen, und 

Wiederaufnehmen des Filtriervorgangs, 
wobei die den abgelosten Fremdstoff enthalten- 
de FIQssigkeit nnit Hilfe einer HoclidruckspQIung 
des Einsatzgut enthaltenden Beiialters (7) aus- 
getragen wird, und zwar durch: 
Bereitstellen eines gashaltigen Bereiches in ei- 
nenn weiteren Belialter, der mit dem Einsatzgut 
enthaltenden Behalter (7) verbunden ist, 
nach dem Reinigen Abdichten des Einsatzgut 
enthaltenden Behalters (7) und des damit ver- 
bundenen weiteren Behalters als Ganzes, 
Aniegen von Druck an Gas im gashaltigen Be- 
reich, um das Gas unter Druck zu setzen, 
Ablassen des Drucks durch Offnen des Einsatz- 
gut enthaltenden Behalters zurAtmosp hare, da- 
mit das Gas expandieren und die Hochdruck- 
spulung des Einsatzgut enthaltenden Behalters 
bewirken kann. 

5. Verfahren nach einem der vorhergehenden Anspru- 
che, bei dem der Reinigungsprozess eine Fluidruck- 
spulung der Membranporen umfasst. 

6. Verfahren nach Anspruch 5, bei dem die Fluidruck- 
spulung eine Flussigkeitsruckspulung umfasst. 

7. Verfahren nach Anspruch 5 oder 6, bei dem die Flui- 
druckspulung eine Gasruckspulung umfasst. 

8. Verfahren nach einem der vorhergehenden Anspru- 
che, bei dem die Geschwindigkeit der Hochdruck- 
spulung mehr als 0,03 m/s betragt. 

9. Verfahren nach einem der vorhergehenden Anspru- 
che, bei dem die Geschwindigkeit der Hochdruck- 
spulung im Bereich von 0,3 m/s bis 2,0 m/s liegt. 

10. Verfahren nach einem der vorhergehenden Anspru- 
che, bei dem der Reinigungsprozess eine Gaswa- 
sche einer Oberflache der Membranwand umfasst. 

11. Verfahren nach Anspruch 10, bei dem die Gaswa- 
sche das Ablosen von Fremdstoff von der Membran- 
wand in die Membran umgebende Flussigkeit um- 
fasst, indem an einer Seite der Membranwand Gas- 
blasen entlanggeleltet werden, die durch Einleiten 
von Gas in den Einsatzgut enthaltenden Behalter (7) 
uber eine Offnung darin gebildet werden. 

12. Verfahren nach Anspruch 11, bei dem die Offnung 
seitlich zur Membran (8) angeordnet ist. 

13. Verfahren nach Anspruch 10 oder 11, bei dem die 
Offnung bei dem Filtriervorgang als Einsatzgut-Ein- 
lass fur den Einsatzgut enthaltenden Behalter (7) 



vorgesehen ist. 

14. Verfahren nach einem der Anspruche 10 bis 12, bei 
dem das Gas unter Druck in den Einsatzgut enthal- 

5 tenden Behalter (7) eingespeist wird. 

15. Verfahren nach einem der vorhergehenden Anspru- 
che, bei dem die Hochdruckspulung des Einsatzgut 
enthaltenden Behalters (7) im Verlauf des Reini- 

^0 gungsverfahrens regelmaBig in verschiedenen 
Richtungen innerhalb des Behalters erfolgt. 

16. Verfahren nach einem dervorhergehenden Anspru- 
che, bei dem es sich bei der Membran (8) um eine 

15 Hohlfasermembran handelt und das Filtrat beim Fil- 
triervorgang von einem oderbeiden Enden derHohl- 
fasermembran abgezogen wird. 



20 Revendications 

1. Precede de nettoyage d'un module (6) de filtration 
sur membrane, ledit module comprenant au moins 
une membrane (8) situee dans un recipient (7) con- 

25 tenant une charge, la membrane (8) ayant une paroi 
permeable qui est soumise a une operation de filtra- 
tion pendant laquelle la charge contenant une ma- 
tiere contaminante est appliquee sur un cote de la 
paroi membranaire et le filtrat est retire de I'autre 

30 cote de la paroi membranaire, le precede compre- 
nant les etapes consistant : 

a suspendre I'operation de filtration ; 
a realiser un processus de nettoyage sur la paroi 
35 membranaire pour en decoller la matiere conta- 

minante dans le liquide entourant la membrane 
(8), et 

a recommencer I'operation de filtration, 
etant entendu que le liquide contenant la ma- 
40 tiere contaminante decollee est retire par un ba- 

layage a grande Vitesse du recipient (7) conte- 
nant une charge : 

en formant une region contenant du gaz a 
45 rinterleur dudit recipient (7) contenant une 

charge du cote charge apres ladite etape 
de nettoyage ; 

en scellant le recipient (7) contenant une 

charge ; 

50 en appliquant une pression sur le gaz dans 

la region contenant du gaz du cote charge 
de la membrane afin de mettre ledit gaz 
sous pression ; 

en relachant ladite pression parmise a I'at- 
55 mosphere du recipient (7) contenant une 

charge de sorte a provoquer la dilatation du 
gaz sous pression et a produire ledit balaya- 
ge a grande Vitesse du recipient contenant 
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une charge. 

2. Precede selon la revendication 1 dans lequel ladite 
region contenant du gaz est fornnee en partie par 
vidange de liquide de charge a Tinterieur dudit reci- 
pient contenant une charge. 

3. Procede selon la revendication 1 ou 2 dans lequel 
I'etape d'application d'une pression sur le gaz dans 
la region contenant du gaz afin de mettre ledit gaz 
sous pression consiste a appliquer un retrolavage 
parfluide a ladite membrane (8). 

4. Procede de nettoyage d'un module (6) de filtration 
sur membrane, ledit module comprenant au moins 
une membrane (8) situee dans un recipient (7) con- 
tenant une charge, la membrane (8) ayant une parol 
permeable qui est soumise a une operation de filtra- 
tion pendant laquelle la charge contenant la matiere 
contaminante est appliquee sur un cote de la parol 
membranaire et le filtrat est retire de I'autre cote de 
la parol membranaire, le procede comprenant les 
etapes consistant : 

a suspendre I'operation de filtration ; 
a realiser un processus de nettoyage sur la parol 
membranaire pour en decoller la matiere conta- 
minante dans le liquide entourant la membrane 
(8), et 

a recommencer I'operation de filtration, 
etant entendu que le liquide contenant la ma- 
tiere contaminante decollee est retire par un ba- 
layage a grande Vitesse du recipient (7) conte- 
nant une charge : 

en creant une region contenant du gaz a 
rinterieur d'un autre recipient couple audit 
recipient (7) contenant une charge ; 
en scellant le recipient (7) contenant une 
charge et I'autre recipient couple comme un 
tout apres ladite etape de nettoyage ; 
en appliquant une pression sur le gaz dans 
la region contenant du gaz afin de mettre 
ledit gaz sous pression ; 
en relachant ladite pression par mise a I'at- 
mosphere du recipient contenant une char- 
ge de sorte a provoquer la dilatation du gaz 
sous pression et a produire ledit baiayage 
a grande Vitesse du recipient contenant une 
charge. 

5. Procede selon I'une quelconque des revendications 
precedentes dans lequel le procede de nettoyage 
consiste en un retrolavage parfluide des pores mem- 
bran aires. 

6. Procede selon la revendication 5 dans lequel le re- 
trolavage par fluide consiste en un retrolavage par 



liquide. 

7. Procede selon la revendication 5 ou 6 dans lequel 
le retrolavage parfluide consiste en un retrolavage 

5 par gaz. 

8. Procede selon I'une quelconque des revendications 
precedentes dans lequel la vitesse du baiayage a 
grande vitesse est superieure a 0,03 m/s. 

10 

9. Procede selon I'une quelconque des revendications 
precedentes dans lequel la vitesse du baiayage a 
grande vitesse est de I'ordre de 0,3 m/s a 2,0 m/s. 

15 10. Precede selon I'une quelconque des revendications 

precedentes dans lequel le procede de nettoyage 
consiste en un lavage de gaz d'une surface de la 
paroi membranaire. 

20 11, Precede selon la revendication 10 dans lequel ledit 
lavage de gaz consiste a decoller la matiere conta- 
minante de ladite parol membranaire dans le liquide 
entourant la membrane par circulation de bulles de 
gaz le long d'un cote de la paroi membranaire, les- 
25 dites bulles de gaz etant formees en injectant du gaz 
dans ledit recipient (7) contenant une charge par une 
ouverture dans le recipient. 

12. Procede selon la revendication 11 dans lequel 
30 I'ouverture est positionnee sur le cote de ladite mem- 
brane (8). 

1 3. Procede selon la revendication 1 0 ou 1 1 dans lequel 
I'ouverture menage une entree d'alimentation dans 

35 ledit recipient (7) contenant une charge durant ladite 
operation de filtration. 

14. Procede selon I'une quelconque des revendications 
1 0 a 12 dans lequel ledit gaz est injecte sous pres- 
to sion dans ledit recipient (7) contenant une charge. 

15. Procede selon I'une quelconque des revendications 
precedentes dans lequel le baiayage a grande vites- 
se du recipient (7) contenant une charge est realise 

45 perlodiquement dans des directions differentes a 
rinterieur du recipient durant I'utilisation du procede 
de nettoyage. 

16. Procede selon I'une quelconque des revendications 
50 precedentes dans lequel la membrane (8) est une 

membrane a fibres creuses et le filtrat est retire de 
I'une des deux extremites de la membrane a fibres 
creuses ou des deux durant I'operation de filtration. 
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Compartsofli of Different Backwash Strategies 
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Figure 3 Cleaning Efficiency of Different Strategies 



Effect of High Velocity Sweep on Membrane Fouiing 
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Figure 4 Effect of High velocity Sweep on Membrane Cleaning 
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Figure 6 Effect of Alternative Air Injection on Scrubbing Efficiency 
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